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In n careful examination of tho literature on this subject, one finds 
that moat authorities agreo that a division of tho phrenio nervo or any 
injury to it is fatal, or certainly very dangerous. I was led to doubt 
tho accuracy of this conclusion, first, by a case of paralysis of tho right 
half of tho diaphragm, complicated by a diaphragmatic hernia follow¬ 
ing an antorior poliomyelitis which I saw In 1892; secondly, by Dr. 
Murphy's 1 nitrogen gas method of collapsing ono lung for tuberculosis; 
and thirdly, by cases of recovery from surgical pneumothorax, which 
inado mo think that tho worst that could happen in injury to tho 
phrenio norvo would ho a paralysis of one-half of tho diaphragm leading 
ton partial collnpso of ono lung only. 

My skepticism led me to take liberties with tho nerve, so that recently 
I have pinched it systematically every time it hns been exposed during 
a tubercular gland operation, after Fengor’s’ method, and when, during 
an operation for a tumor of tho neck, it was found impossible to 
remove it without dividing tho nerve, I did so unhesitatingly. 

I am indebted to Dr, J. Eskridgo for this interesting case. It was 
operated upon at tho Provident Hospital, August 80, 1900. 

The patient was a widower, white, aged sixty-two years; American, 
nil upholsterer by occupation. 

Tho family history was good, with tho exception that two cousins on 
tho mother’s sido died of cancer of tho uterus, and two sisters of heart 
disease. Father died of pneumonia at tho ago of oighty-soven. 

Patient lmd been a heavy whiskey drinker until nine years ago, and 
ho still smokes and chows a great deal. Ho had the usual diseases of 
childhood, but no others. Twelve years ago his lower jaw was frac¬ 
tured in a railway accident, and eight years ago ho was cut in tho right 
supraorbital region by an ax, which resulted m a paresis of tho orbicu¬ 
laris palpebrarum muscle. There were no congenital deformities. 

Tho present trouble began nine years ngo, when tho patient noticed 
a tumor oil tho loft sido of tho neck about as largo ns a hazelnut, but 
painless. This increased in sizo very slowly during tho first four years, 


• Read before the Chicago Medical Society, March 18,1M1. 



80IIROEDER, QREENi PHRENIC NERVE INJURIES. 197 

at the end of which time it waa about as largo as a walnut and painful 
upon pressure. During tho last five years too tumor lias grown eomo- 
what more rapidly and has bccomo more painful, and tho pain lias been 
constant during tho last year, 

Tho tumor is situated on tho left sido of the neck immediately 
behind tho sternocleidomastoid musclo and partly covered by it. (Seo 
Fig. 1.) It begins three-fourths of an inen above tho ctaviclo and 
extends upward two and one-half inches. It is two and one-half 
inches long in tho long dlomotor, which is parallel witli tho long axis 
of tho body; its innor margin lies ono incii from tho left border of tho 

trachea. Tho skin covering tho tumor is normnl and freely movable. 

There are no largo vcssola to bo scon. Tho tumor /cels hard, ami is so 


Flo. 1. 



Before operation. 

firmly attached deep down that it cannot bo moved. No fluctuation, 
pulsation, or bruit. No enlarged glands. Aspiration shows, tnnero- 
peomcally, bright red blood In considerable quantity ; microscopically, 
nothing but blood-corpuscles, neither epithelial nor other colls being 
found. No pressure symptoms. 

Tho physical examination of the nationt resulted ns follows: 

Hotly well nourished; weight, ICO pounds; no recent loss in weight; 
no abnormality of skin or glandular system. Pulso, temnernturo, and 
respiration normal; appetite good j walls of arteries soft; no symp¬ 
toms of pressure on sympathetic nerves. Paresis of orbicularis pal* 
pchmrum due to old injury. Heart and lungs normal. Special atten¬ 
tion was paid to tho lungs and the position of tho diaphragm. Liver, 
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spleen, etc., normal. Urino and blood count normal. Patient was 
prepared for operation by usual method. 

An incision eras mado from tho posterior edgo of sternocleidomastoid 
muscio ono inch below the mastoid process to the clavicle. Tho 
oxternal jugular vein was ligated and divided between tho ligatures. 
Continuing tho dissection, tho sternocleidomastoid muscle was liberated 
and tho spinal accessory nerve found and dissected out to tho trapezius 
muscio, 

Tho tumor camo into view and showed a capsule which was not 
Adherent to any great extont to tho surrounding tissues, but was firmly 


Vio. 



attached deep down. It was at once noticed that the phrenic nerve 
lay over tho upper outer part of it and that its lower branch was but 
slightly visible. The nervo was quite tense, but responded twice when 
it was pinched. As I believed the tumor to bo of a malignant nature, 
1 did not wish to divido it for fear of implanting cells In tho wound. 
Therefore, I tried to dissect tho nerve from tho tumor, but in doing so 
tho small branch from tho fifth cervical ruptured, and soon after the 
main branch from the fourth cervical did likewise. 

• Figs. 1, S, and t: Findings upon percussion a Her division of nerve, n. Relative dulness, 
6, Absolute dul new. 
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I noticed no material change in the patient oxccpting an inercaso in 
tho number of respirations to thirty-two, Tho tumor wa3 so situated 
that tho upper ami main root of tho phrenio traversed tho upper outer 
part of it, whilo tho lower root caino from underneath. It was firmly 
attached to the foramen formed by tho third and fourth cervical ver¬ 
tebra!, and its removal caused a venous homorrhago from this |>oint. 
Tho fat and various glands were removed from tho sido of tho neck. 
I followed tho phrenio down to tho olaviclo, injuring tho thyroid axis, 
which produced somo hemorrhage. No othor branches of tho phrenio 
were found. In trying to unitojtho divided parts of tho norvo, it was 


no. s. Fio. f 



I'aUcrtor view. a. nelstlre Outness. b. Absolute Lsteietrlcw. a. ReliUretdul. 

Outness, c, Nonas] side, ness. 6. , Absolute dutnrss. 


impossible to find tho littlo branch from tho fifth cervical, but tho 
ragged end of tho trunk and that of tho fourth root woro cut off lit 
order to givo uninjured ends, and reunited by means of silk sutures. 
Tito nerve was now pinched below tho suturo, and responded. flicro 
was no cough, no singultus, no sneezing, none of tho symptoms reported 
in other eases. Tho woUnd was closed in tho usual manner. After tho 
patient recovered consciousness, I asked him whethor ho had anv diffi¬ 
culty in breathing or any pain In tho region of tho diaphragm, nut ho 
said ho had not, However, tho respirations remained more frequent 
(21 to 30) for four or fivo days, after which tlioy eamo down to 

rot. 13, so. z-rmmr, 1902, i< 
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20, nnd remained so, About eight hours after tho operation, per¬ 
cussion showed that the left half of tho diaphragm was two and one- 
half inches above its normal position. An area of tho lower portion of 
tho lung, an inch nnd a half in width, showed relative dulness. (See 
Figs. 2, 3, and 4.) Litten’a sign was absent. 

Auscultation over dull area showed vesicular breathing rather dis¬ 
tant. Slight abdominal retraction on inspiration. During his three 
weeks' stay In tho hospital tho position of the diaphragm remained tho 
samo, but tho area of relative dulness gradually disappeared and tho 
lung returned to its normal condition. Measurement of tho thorax 
showed right half 44 cm. Deep expiration, 41} cm. Inspiration, 
44}. Loft half, 43 cm. Deep expiration, 41} cm. Inspiration, 43}. 

At present tho patient is employed as usual, nnd is suffering no incon¬ 
venience from his paralysis. 

Afacroscopicat Examination. Tho tumor is^ solid but very vascular. 
It is two inches in its long diameter ami an Inch and threc-fourths in 
its transverse diameter. Upon cutting tho tumor in hnlf tho interior 
prescnteil n solid consistency, but many largo vessels wero to bo seen. 
A few small areas, 1 cm. square, were somewhat softer than tho mam 

body of tho tumor. 

Microscopical Examination. Ono sees numerous coniicctivo tiBsuo 
fibres nruund tho poriphory, forming a well-defined capsule, and many 

areas of leucocytes nrouml which iTiero scorns to bo young connective 
tiaiue. In tho contro of tho tumor thoro is a hemorrhago into tho tissuo. 
This is vory recent, and is probably duo to tho puncturo made by the 
aspiratory syringo. Thoro are many largo nnd small bloodvessels, but 
no now ones to bo aeon. Leucocytes are grouped at various places, 
resembling an inflammatory process. I believe tho tumor to bo a 
fibroma and not, as was thought from tho clinical evidence, a fibro¬ 
sarcoma. 

Experimental Researches. 

1. Upon the Human Subject. As before stated, in all recent opera¬ 
tions for tubercular glands, I liavo searched for tho phrenio nerve nnd 
pinched it below tho lower root, with tho following results: Each 
time tho corresponding side of tho diaphragm contracted, producing 
a sudden nnd decided nbdominnl rising immediately below tho costal 
arch. This has been dono in eighteen enses, ton right and eight left. 
In two cases, ono right and ono loft, thoro was somo pain in tho region 
of tho corresponding hnlf of tho diaphragm, which subsided in each 
instanco boforo tho end of forty-eight hours. The symptoms commonly 
ascribed to irritation of tho phrenic, i. e., sneezing, coughing, and hic¬ 
coughing, were not observed in n single instance. 

2. Upon Dogs. Tho animal experiments have been made upon dogs 
only, boenuso thoy rosombio man in their typo of respiration, which is 
costo-nbdomlual. Tho method of conducting the experiments has been 
as follows: Tho circumference of tho thorax was taken at tho tip of 
tho ensiform cnrtilngo, nnd again from ono to two and one-half 
inohee abovo it, Tho number of respirations per minute were recorded 



SCHHOEDKR, ORBKNi PIIRBNIO NERVE INJURIES. 201 

More anil after division of tho nerves, ami Iho change in typo of 
rc-piration noted. Ether was tho amcsthctic chosen. Tho usual anti¬ 
septic precautions woro observed, After exposing tho nervo tho inter¬ 
rupted electrical current was applied, and then tho nerve was pinched 
with an artery forceps. Tho nervo was now either ovulscd or resected. 
I.ater in this work I weighed tho nninmis beforo Iho operation and 
each week thereafter. 

Post-mortems were conducted from ono week to four months after 
the division of nerves, For this purposo in most eases tho dogs wero 
deeply nmcslhctiscd with chloroform, tho thorax opened, tho nerves 
found and stimulated with tho electrical current. Tho various phe¬ 
nomena wero observed, and specimens and drawings mado. For tho 
details of these experiments eco Tablo I. 

It may not bo amiss to state hero that beforo obtaining tho results 
shown in this tablo, there wero eight animals that died, hut nil of these 
can tie accounted for without detracting in tho slightest way from tho 
aliovc results. At first I ovulscd tho nerve, tearing out from three to 
five inches of it. Out of four coses only two survived, (tfco Tablo I,, 
Cases t mid 2.) I’ost-inortems of tho two that died showed in olio caso 
of double ovulsion a double pneumothorax and in tho other n pnoumo- 
pyothornx. In tho latter caso, I heard tho rush of nlr into tho pleural 
cavity, and, infection occurring, tho animal died. Evulsion of Iho 
nervo lacerates tho pleura, aud with an infection is liable to result in 
death fiom pneumopyothorax ; therefore, I abandoned this method of 
removing tho nervo and resorted to resection outside of tho pleura, 
removing ns much of tho nerve as was possible in each caso. 

A third animal died from the anaothclio beforo any incision had 
been mado. 

l'ivo died ns a result of experiments with chlorctono ns an amcsthctic. 
These animals were given two-tenths of a gramme per kilo, and opera¬ 
tions were begun two houra Inter. Thoy were not completely under, 
so they were given two-tenths more |>cr kilo, and operations begun 
after another hour. By this timo thoy wero profoundly nmeslhctiicd, 
hut none of thorn recovered consciousness. They slept from two to 
four days, when they died. 

HeiyAf. The first seven were not weighed, but my observations 
would lend mo to stato that tho first week or two thoy lost in weight, 
after which thoy gained and again camo back to their normal condi¬ 
tion. In tho lost three it will bo seen that thoy lost in weight for tho 
first week, but camo back to normal or nearly so. Tho losn was not 
gront in any instnneo. 

.1A .retirements. It will bo scon that in tho single division there was an 
increased thoracic expansion and usually a slight abdominal retraction, 
which were more ovident on tho divided sido than on the normal side. 
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Table I.— Continued. 


Division I 
of nerve: 

rfstit, ! Electric*! stimulation 
left, I before death, 
both. 


l’rellmluary to post- 
mortem. 


1’oatroortcm findings. Remark*. 


left. 

evulsion 

Mnches. 


Iloth, 

, evulsion 


Illgtll, 

,ri-.'Cc!lo» 
I Much. 


Tetanic contraction of Nov.l4,clheriicd; an In- Not. 14. 8otne atrophy of left half of 


right, none of left. 


April 14. Chloroform 
was given, t!>omx was 

! opened. and left nerve 
found and stimulated; 
left half of diaphragm 
’ contracted slightly, 
Bhowlng partial rcGCiv, 
erdllou; no reaction ofi 
right nerve. 

Jan. 17, 1901. Dog was 
ihot and current ap- 
' piled Immediately; no 
I reaction of right 
nerve; normal con¬ 
traction of left aldo. 


clslon waa made below 
end form through ab¬ 
dominal wall revealing, 
active contraction of r. 
half of dlanh. and pas- 
live of left naif; kyrno- 
graphic tracing waa 
taken. 8co Fig. ft. 
Inverted type of reiplra- 
tlot 


dlapb. creating (be median line; no 
regeneration of left nerve. 

Dog waa six week* pregnant: ulema 
contained five embryo*; well nonr- 
lahed. 


■ Holh. Wo reaction, 
resection I 
1J J Inch. 


1 lllght. 
rcHeilon 
l*i Inch, 


No reaction; left nor¬ 
mal. 


llcaiurementi before 
killing animal: enal- 
form, expiration. 21 iu.j 
inspiration, 2l>i In. 1 

Ixf*, heft reaction; right re-'Measurements at enst- 
rcH-dlon I action. fornj,ejcplratlon,2l*{tn- 

"{Inch. Inspiration. 21 In. 


Just before killing the 
1 dog, measurements at 
cnitform on expiration, 
21 In.; on inspiration,, 

21 */• In.; 1% In. above 
eiiBlform, on explrallon, ‘ 

22 In.; on Inspiration, 
22>4 In. 


Itotli, 
wwiilon 
\)' t inch. 


Ix-ft. 

reject Ion 

I I llK-ll, 


No reaction on cither 
side. I 


No reaction of left; re-' 

action of right. 


I ! 

i Both, Reaction of both aides 
I up|vr ! In thorax. t 

two routs 
: found ; 
only, ! 


1 Right, Reaction In left; none 
rmviinn In right. 

; 1 hub. 


Marked alntphy of diaphragm, ex¬ 
cepting at costal margtn; ratUal 
arrest of development of abdomen 
and ita contents; no hernia of dtaph. 
KxercUcd the d(w violently Dec. 28, 
1900. and Jan. 1ft, 1901; be did not 
teem to suffer from labored respira¬ 
tion ; itlll Inverted type of respira¬ 
tion : he had been Infected. 

Atrophy of right half of diaphragm, 
which waa thlu. yellow, tcinl trans¬ 
parent ; a normal tone W inch wide 
waa formed at the periphery; right 
nerve had regenerated, but the right 
half of diaphragm did not retpond 
to stimulation. 

Dec. 17. Both nerrea ahow aomo 
proximal regeneration: atrophy of 
diaphragm not very decided, bo- 
cauto only 14 days tmwed between 
the division and poet-mortcm. 

Dec. 15. Some atrophy of diaphragm. 


Dec. 14, f. e., 7 days after operation, 
•light atrophy or left half of dia¬ 
phragm only. 


Feb. 2ft. 1901. Very decided atrophy 
or both side*; right aide, costal mar- 

gin, one flmls an area which la not 
atrophic, because It receive* a nerve 
from intercostal!. Fig. ft. 

Costal margin not atrophied. 


Feb. 19,1901. Atrophr 

diaphragm; none of i 


of left half a! 

right. Kip. 7. 


March 9,1901. V-ihapcd portion of 
diaphragm at enilform cartilage la 
atrophied, while the remaining por¬ 
tion la normal. Fig. 8. 


[liar. 9,1901. Atrophy of right half of 
‘ eeptlng one ccntl- 


diaphragm, exceptl..* 
metre or costal margtn. 








Kewcllon of both phrenic nerves. Dog No. 7. a. Norms) ires. b. Non-ttrophled margin. 

In Case 0, n.i tlio upper branches only were divided, the animal did 
not suffer much of a clmngo because the lower branches supply by far 
tho greater part of the diaphragm, (Seo Tig. 8.) 
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Iu tho double divided cases thoro occurred an inverted typo of respi¬ 
ration, i. e., decided abdominal retraction on inspiration, and increased 
thoracic expansion duo to action of accessory respiratory muscles. 

Flo. s. 


* a 

a. Kxcunlon of right hilf of dliphngm. b. ft»ire movement of left or (unified half. 

Fro. 6. 
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EUdrical Stimulation. In all caeca 1 used tho induced current after 
llie Du Bois Raymond method, 1 always with a positivo result,». e., 
tetanic contraction beforo division and no reaction after tho fourteenth 
day. In Case 6 the animal was killed only seven days after division, 
mid on stimulation there was a slow, fccblo contraction, showing cither 
that the nerve was not yet entirely degenerated or that tho atrophy of 
tho diaphragm was not yet complcto. In Case l) tho current produced 
a contraction of diaphragm supplied by lower root. (8eo Fig. 8, b b.) 

Excursions of Diaphragm, In dog 1,1 opened tho abdomen in tho 
median line immediately below tho ensiform cartilage and insorted a 


Flo. 7. 



Itcrecllon of left phrenic nerre. Oog No. 8. a. Non slroptated margin. 
l>. Atrophic area. e. tKaophagu*. 


glass rod, pushing it against first ouo side of the diaphragm and then 
tho other, taking a kymographio tracing (see Fig. 6), with the result 
that tho right half contracted normally, producing a rise one-half 
inch in height on inspiration and corresponding depression on expira¬ 
tion. The loft half produced a very small rise, one-eighth Inch, 
representing the influence of tho contractions of tho right side. There 
was no contraction of the loft half. In other animals, I observed the 
same phenomena, t.that tho paralyzed side was passive and only 
acted upon by tho contractions of tho normal side. 

‘Symptoms. The diaphragm becomes relaxed aftor tho division of tho 
nerve and arches up into tho thorax. Tho typo of respiration becomes 
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increased costa! when one nervo only is divided, and inverted when both 
nerves nro divided. Tho accessory respiratory muscles becomo very 
active. 

There was no sneezing or coughing in any of tho animals. In ono 
ease of doublo division tho respiration beenmo labored, but it remained 
so for two or threo days only. 

The Potl-mortem Finding*. Macroieopienl. In tho cases whero the 
dog was killed from seven to fourteen days after division tho atrophy 


Fig. s. 

/a 



IlMctlun of iif|«|tooH. IMS No. 9. <i. V-lhiiCil slrol lilc arcs. 6,6. Normal'(res. Crura. 

was not very great and the color was reddish-yellow. In eases where 
a long time had elapsed between tho operation and tho post-mortem, 
tho atrophy was very decided, tho paralyzed part was thin and flabby, 
tho diaphragm was pnlo yellow, and in some of tho older eases trans¬ 
lucent. In all cases there remained a margin from one-quarter to 
threo-cighths of an inch wido at the costal bordor, which retained its 
normal color anil thickness. This margin is probably supplied from 
tho intercostal. (8co Figs. 2,3, and 4.) Again, in tho specimen taken 
from dog 7 (Fig. G, a), it will lio seen that there remains a relatively 
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normal arcs on tho right sldo, which was probably supplied by a long 
branch from the intorcostn! norvo. In all three figures there is a 
normal area at tho crura. These areas evidently rcceivo an indepen¬ 
dent norvo supply. 

In Fig. 8, where tho root coming from tho upper branch lias been 
divided (dog No. 0), there is a V-shaped area with ita apox toward 
tlic sternum extending a distance of two and three-quarter inches on 
each sido toward tho spiuo. This is ovidontly supplied by tho upper 

branches, tho lower branch supplying nearly nil of tho remaining por¬ 
tion of tho diaphragm. In dog No. 3, although tho norvo had regen¬ 
erated after fifty-four days, tlioro was no oloctrical reaction bceauso of 
atrophy of tho diaphragm. 

Tlioro is vory littlo available literature upon tho experimental work 
on this subject. Sir Astloy Cooper* reports having experimented by 
putting a ligature on tho phrenic nerve of a rabbit. Tho animal 
suffered from labored respiration and died twenty minutes later. Post¬ 
mortem showed that tho nervo had been cut. 

Ilcuocquo and Eloy 1 reported somo experiments in 1883. 

Hillard and Cavalie,* in 1808, reported on tho sequeho of section of 
both phronics in tho dog. 

Hkvibw of Literature. Tho litornturo on this subject is very 
meagro and confusing, and tho conclusions rcnchcd by various writers 
are often diametrically opposite. Thus Gross' says: " Tho division of 
the phrenic norvo is nearly instantaneously mortal." 

Erickson,' in his eighth edition, says: " Tho division of tho respira¬ 
tory nerves on ono sido only would, in all probability, bo fatnl in man 
by interfering with tho proper perfornmneo of tho respiratory netbut 
in his tenth edition' ho modifies his conclusion, and says: “ Division of 
the phrenic nervo would necessarily, by interfering with respiratory 
movements, induco a tendency to congestion and iullnmiuntion of tho 
lungs; mid although such an accident must bo n very raro one in cases 
of ligation of subclavian for axillary aneurism, yet it undoubtedly hns 
occurred as I linvo myself witnessed in ono case.” 

Itanney" says: "Since the phrenic nervo arises in tho upper cervical 
region, any lesion of it will causo respiration to bo interfered with and 
creato dyspuron and hiccough i hut respiration will not bo arrested, since 
the pucumognstric nerves continuo to cxcito it, and tho auxiliary muscles 
o:in expand tho chest without tho action of tho diaphragm. Should the 
lesion ho a surgical ono, tho respiratory ccntro of tho medulla may ho 
affected and death take place from asphyxia, but I do not think such a 
result can bo explained ns a simplo effect of paralysis of tho phrenio 
nerves alone." 

Iluotcr-Lossen 11 says: "l’aralysis of ono-half of tho diaphragm puls 
life in immediate danger. This is ovidont not only from observation 
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of injuries to tlio phrenic itself, which are rare, but from injuries to the 
roots of the nerves in the spina! cord, which determino practically 
always n fatal termination. Theso latter may ho produced by injuries 
from tho fourth cervical vortobm down, or by degenerative processes 
spreading from below upward. They nro always indicated by paralysis 
of this principal niusclo of respiration, tho accessory muscles having 
been already moro or less paralyzed, probably completely. Diaphrag¬ 
matic paralysis is always easy to determine, since by it alone is inspira¬ 
tion performed under ordinary circumstances. 1 ’ 

Diobol" calls attention “to tho property possessed by nerves and 
vessels of resisting the encroachments of tumors, just as Langenbock 1 ’ 
had much earlier pointed out in his well-known Heilrage z. Chir. 
J’ath. ihr Venen. This is fortunate, since tho vaguB and phrenic 
nerves remain apparently uncompromised by a degree of pressure which, 
a priori, it would hardly seem as if they could resist. Thoy permit, 
moreover, consiilcrahlo displacement without interference of function.” 

llrodio" says: “ If tho function of tho cord bo interrupted above 
origin of tiio phrenic nerves, respiration is immediately suspended, and 
instantaneous death ensues.” 

Pnrk'‘ sayi; “Cases of unilateral division of tho phrenic, or of 
injury to tho courso of tho phrenic—as, for example, in fractures of the 
cervical vorlobrte—indicate that paralysis of tho diaphragm, or nt least 
of one-half of it, puts tho pntient in immediate danger of life, nml nlso 
compels tho other accessory inspiratory muscles to do an enormous 
amount of compensatory work.” 

In a Intorwork I’ark" says: “Tho section of tho phrenic and 
pneumogastrio nerves on one side only is accompanied hy respiratory 
and circulatory irregularities; thoy aro not necessarily fetal, but it is 
a most sorious complication.” 

Tillman::" says: “ In caso of complete paralysis of tho phrenic norves 
on both sides, death results immediately from paralysis of respiration, 
ns has been experimentally demonstrated upon animals. Irritation of 
tho phrenic nerve causes continuous coughing and hiccoughing in con- 
scquenco of contraction of tho diaphragm.” 

I.ator on ho says“ After injuries of tho suhscapular nerve, reflex 
spasn: of tho phrenic uervo is sometimes observed with singultus, 
dyspnam, and girdle paius.” 

Gowers" says: “ If ono nerve only is affected, the diaphragm docs 
not descend on that side, Jiut tho movements of the other sido lessen 
tho resulting defect of movement, and it enu then bo detected only by 
closo observation. Tho loss of tho notion of the diaphragm has little 
effect on the respiratory functions while the patient is at rest, but 
dyspnam is said to bo readily produced by exertion ; the breathing 
then becomes quick and tho voico feeble." 
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Rosa* nnd Carlcss Bay : “ I’lironio nervo division may causo inBtant 
death by paralysis of the diaphragm, although where but ono nervo is 
divided the patient can survivo. Irritation of tho nervo gives riso to 
spasmodio cough or hiccough,” 

Medical men have not folt nearly so alarmed at paralysis of the 
diaphragm ns havo tho surgeons, possibly because tho lesion in medical 
cases comes on slowly, and lu this manner patlonts may adapt them¬ 
selves to new conditions with less danger. Thus Bornhnrdt" says: 
" Tho prognosis in paralysis of tho phrenio nerves and diaphragm is 
doubtful, to say tho least; but, as Duchcnno" has shown, tho respiration 
does not suffer much so long as tho patient is quiet hecauso of tho 
notion of the accessory muscles, but as ono may readily understand, 
bronchitis and othor simple diseases of tho respiratory orgnus bocomo 
serious in such cases.” 

Many other statements equally di verso in conclusion may bo found 
iu tho literature. 

Tahi.k II. 


Surgeon. 

I 

Year, j 

Nature of Injury. 

Nerves.' 

Heiult. 

j Schllrmaycr, 

ISI7 

8lab wound. j 

Right. 

Dfilh In few minute,. 

j neck, 

ISIS 

Ilullet wound. | 

Deft. 

Death on fifth day. 

. lUr.tetebcn. 

1882 

! Unknown. 

i . 

Death In two hour*. 

, Erlchsen, 

1MI 

Division while ligating 
■utclaviau artery. 


Death In few daya. 

! Mackenzie, 

1891 

Rii|>turo from fall. 

Right. 

Death Immediate. 

l 8chroeder, 

i 1900 

| Division during operation, j Uft. ( 

Recovery. 


I have been able to find only fivo owes of actual injury to tho 
phrenic norvo (seo Tablo II.), though thoro nro sovoral others which 
havo been commonly reported as such which, when traced to tho 
original documents, have been found to bo erroneous. In somo of these 
tho injury to tho phrenio nervo is only an assumption on tho part of 
some Inter writer, who, noticing that tho symptoms commonly described 
as caused by such an injury were present, has inferred that tho phrenio 
nervo must certainly have been injured, while m still others tho sur¬ 
geon has reported an injury to tho pneumogostric, but has been cited 
by others as having injured tho phrenic. 

Tho first of tho cases of actual injury to tho phrenic nervo is that of 
Schtirmayer.” 

Patient was a male, aged twenty-six years, previously well. Ho was 
wounded October 10, 1847, by a knife, which penetrated tho right aide 
of the neck. The wound began ono and one-half inches abovo tho 
acromial end of the clavicle, passed downward, forward, and Inward, 

ending at tho sternal end of the clavicle. In its courso tho knifc-blado 
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injured the trapezius, splenitis capitis, levator scapula, scaleni, and 
sternocleidomastoid muscles, tho fifth cervical, phrenic and branches of 
the sympathetic plexuses, and tho internal jugular vein. Immediately 
following tho injury tho patient complalncil of lameness of tho right 
arm, which hung loosely at his side. Ilcniorrhngo was quite severe. 
He left the room, going into tho kitchen, and after a few complaining 
words, collapsed and died in the course of ft few minutes. 

The |iost-mortcm, which was very complete, showed anicmia of 
vessels in skull and brain, hut unusunl fulness of vessels in luugs. 
There woro numerous adhesions of the pleura. * 

Hehiirmaycr says that death was not duo to hemorrhage, because of 
tho negfttivo post-mortem findings, but Hint it was duo to division of 

tho phronio nervo complicated by these numerous adhesions of the lung 
to tho pleura. Ho believes it probablo that eases of unilateral division 
limy recover, and refers to I.nrroy, but declares that, in the senso of the 
law, death in this caso was duo to injury of the phrenic nerve. 

The second ease, reported by Heck," was that of a young man who 
was shot in the neck during a dud. Upon examination it was found 
that tho bullet had entered two fingers’ breadths aliovo tho left clnviclo 
at the pustcriur border of the sternocleidomastoid, and cmno nut on tho 
opjiosite side at tho junction of tho upper with tho middle third of the 
neck, anterior to tho sternocleidomastoid muscle, The respiration was 
slow nnd diftlcult, pulso weak, pupil of tho left eye contracted. On 
the fifth day ho breathed nine to seventeen times per minute. Laryn- 
gotomy was iicrformcd, during which operation tho pntient died. Heck 
performed tho post-mortem and found tho following: Tho bullet 
lind contused the left phrenic nerve so that tlicro was nn extrava¬ 
sation of blood in the neurilemma, had passed back of the left carotid 
between the vagus and sympathetic nerves, lacerating tho cervical gan¬ 
glia of tho latter, mid bail then passed through the (esophagus and 
lacerated tho right arytenoid cartilage and tho right dcscendcns noni. 

Ill conclusion, Heck states that as tho injury to the phrenic nerve 
resulted in n pnrtinl loss of tho function of too diaphragm, it certainly 
complicated a condition. 

In some way this caso has been attributed to Stromoycr,” who 
reported it about 1870, at which time ho also reported another case of 
cuntusion of tho phrenic and brachial plexus with rapid recovery. 

In 1882 llnrdclcbcn" reported n cose of division of tho pneumognstric 
nml phrenic nervo witli no Imnicdiato symptoms, but soon tho jmticut's 
respiration became slow ami difficult, nnd ho died ill two hours. 

Ill 1884 Krichscn' says: " In a ease with which I am acquainted, 
whore tho phronio nervo was divided during a ligation of tho subclavian 
artery, death resulted in a fow days from congestion of the lungs.” 

In 1891 Mackenzie" re|iorts a cose of rupturo of tho right phrenic 
nerve with instant death. 

In reviewing those five eases it will be seen that in only ono, that is 
tho last ono, was tlicro nil injury to the phronio nerve alone, while in 
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nil tho others thoro worn sufllclciit injuries to other important structures 
to account tor the uninvorabio termination. 

In considering tho other eases, I. llioso commonly but erroneously 
considered as phrcnlo nerve injuries, there aro two which deservo 
spccinl mention, as thoy liavo been so widely and frequently quoted, f. e., 
Ilmnsky Cooper’s” and Ilutin's.” 

It has been commonly reported that Hornsby Cooper, in 1811, whilo 
ligating a subclavian artery for aneurism, included tho phrenic nerve 
in tho ligature. In reviewing this enso carefully, it was found that 
Cooper slates that tho patient dovolopcd a cough, which persisted 
more or loss violently until his death on tho fifteenth day. Hut 

tho post-mortem, which was incomplete and was dono fifteen hours 
Inter, showed tho phrenio nerve " in tilu and glued down to tho 
scalenus muscle.” Aspiration showed pus In tho pleural cavity on tho 
snmo side. 

Ilutin’s caso was operated on in October, 1841; for wound in tho 
nxilln. Ifo got up on tho sixth day, after which ho began to cough. 
At this (into tho wound was fetid. On tho ninth day ho had a slight 
hcmorrhngo, and on tho tenth day, for fear of a great hemorrhage, 
Hutin ligated tho subclavian artery, but tho patient died ten hours 
Inter. 

I’ost-mortcin showed tho artery intact, and Hutin spcclflcally Blatcs 
that no norves or other important structures wore found in tho ligature. 

Of five eases to which l’ark” refers as injuries of the phrenio norve, 
four, tlirco of Demina's” and ono of Kinders,’ 1 wero found to ha 
injuries of tho pnoumognstric, whilo In tho fifth (Ilofmokl's)” tho 
injury was in tho ccrvlcnl plexus below tho phrcnlo nerve. 

Iteferring to tho caso which camo under my observation, ono might 
infer that ns tho tumor was of slow growth, tho gradual pressure upon 
tho nervo had produced a slow paralysis of tho diaphragm; hut in 
nnswer to this, I can say, as Langenbeck" and Dlebel” hnvo previously 
shown, that these nerves withstand pressure without much disturb¬ 
ance ; secondly, upon pinching tho nervo four different times, tho epi- 
gnstrio region on tho snmo shlo allowed a Bhnrp sudden riso each time, 
showing that there had been no paralysis s lastly, tho physical exam¬ 
ination before tho operation showed tho diaphragm to ho in its normal 
position and tho lungs absolutely normal. 

Anatom if; A I, IUauAnciiKS. Tho subject of tho innervation of tho 
diaphragm will ho considered undor two heads. 

I. Innervation from tho phrenio norve. 2. Innervation from any 
other source. 

Under tho second heading will ho considered : 1. Innervation from 
the intercostal. 2. Innorvation from tho sympathetic. 8. Innervation 
from the pnoumognstric. 
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Innervation from the phrenic nerve. Tho phrcnio norvo or tho internal 
respiratory nerve of Hell is tlio most conspicuous .nerve supplying the 
diaphragm. It has, by most anatomists, both descriptive and com¬ 
parative, been considered tho solo nerve supply to this muscle. ThiB 
norvo will lie considered under three heads. 

1. Its origin: (a) spinal or deep; (6) cervical or superficial. 2. 
Course and relations. 3. Distribution. 

Spinal Origin. Marinesco," in 1898, described a nervo centre in tho 
spinal cord of dogs and rabbits, from which proceeds tho nervo fibres 
of tho phrcnio nervo. 

Ho describes it as a “ group of cells which occupy a intermediate 
position between tho anterior internal and anterior ex' .real groups of 
the anterior horn, oxtending from tho lovol of tho lower border of the 
fourth cervical vertebra to tho lower border of tho sixth cervical in 
dogs, and a littlo lower down in rabbits. In rabbits these cells aro not 
distinguishable froift other cells. In tho dog they aro smaller and their 
processes less marked,” 

Bano,” in tho samo year (1898), described a motor nucleus for tho 
phrenic nervo in man, located in the centre of tho nnterior horn, 
extending from tho middle of tho third to the sixth segment. Sensory 
nourons originate, ho says, in ganglia in tho posterior roots of tho third, 
fourth, fifth, and sixth cervical nerves. 

Superficial Origin. Most of our standard Knglish anatomical authori¬ 
ties givo tho origin ns principally from the fourth corvical, with accessory 
branches from tho third or fifth, or both, but with no figures as to 
relative frequency of different origins or tho proportion in which 
different roots are found. 

Luschkn,“ in 1853, published tho results of thirty-two dissections of 
tho phronlo roots, showing tho following results: 

Number originating fh>m the 4th alone. 12 87.5 percent. 

» •• " 4th and 6lh .... 7 21.87 " 

" " " Sd, 4tb, and 6th ... 7 21.87 " 

« " M M and 4th . . . . « 18.75 " 

Brook, 14 of Dublin, in 1887, reviewed Lusehka’s work and reported 
sixteon dissoctions as follows: 

Number originating from tho 4th alone. 4 25 percent. 

" " “ 4th and 6th .... 9 M.25 " 

14 *• » 8d, 4th, and 5th ... 8 19 " 

" “ 11 8d and 4th .... 0 

In the past four months, from observations mado in tho dissecting- 
room of tho Northwestern University Medical School I have obtained 
tho following results: 


Number of cases observed. .61 

" " on the right «ldo. 26 

'• " on the left aide. 


27 
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These nerves had the following origin : 

Number of ciac* from the 4tb alono. 9 17.8 per cenl, 

.« •• •• 4thand6th . . . , . !l <0M 

«• <• •• 8d, 4th and 6th .... 18 25 

.. » •* 3d and 4th. 9 17.8' " 


Tlieso various results when tabulated show as follows: 


.Vo. affair#. 418 only. 4(8 and Mi. Id, 4(8, and Mi. 

I u'clika, 32 12 S7.5 per cl. 7 21.87 per cl 7 21.BI per ct. 

Brook, II IB " 9 “ * 1# " 

Green, 62 a 17.8 " 21 48.88 11 » 26 “ 

Toul, 100 28 25 per cl. 87 87 perci. 23 23 per cl. 


M and 4tA. 

8 18.75 per ct. 
0 0 

9 17.8 " 

15 15 per ct. 


Xumber of roots. When tliero is a single root it is from tho fourth 
cervical. This occurred In 25 cases In 100. When thcro aro two 


FlO. 9. 


1,2. Pbrenlo nerve. 8. Bubclarian rein. 4. Internal Jugular vein. 6. Common 
carotid artery. 6. Roots of brachial plexua. 

roots they aro from cither tho third and fourth or tho fourth and fifth. 
In 52 cases the nerve had two roots. 

In 23 cases tho nervo had three roots of origin, viz., from tho third, 
fourth and fifth. 

Course. Tho nervo seems surprisingly constant in its courso. It is 
generally as described in tho standard textbooks, with fow variations, 
Ono or two relations, however, aro worthy of notice. 
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To the eubclavian vein. I havo noted tins relation in 61 cases. In 
2(1 cases on tho left sido, tho nervo passed behind the vein in all. In 
26 cases on the right side, tho nervo passed behind tho vein in 22, in 
front in 2, nnd in tho ronmining enso passed through tho vein. (Seo 
Figs. 9 and 10.) Of this peculiar anomaly I have been able to find hut 
ouo similar case reported in the litornturo. In Virchow’s Archiv for 
1872, Von Wenzel Gruber," of St. l’ctorsburg, reported a caso of tho 
loft subclavian voin dividing nnd reuniting so ns to form “ an island 
four millimetres long nnd two millimetres wale, through which passed 


Flo. W. 



Couno of phrenlo (right) In neck, ihoslng relations lo sdjscent itracture*. 


tho loft phrenic nerve.” Hcnocquc and Kloy, in their arlielo on the 
phrenic nervo, in tho Diclionnaire Encydopedique dee Med. Scicn., sny 
that I/iuget has observed n similar caso, but I was not able to find any 
description of it in Ids work on tho jVmoiu Sytlcm. 

Fawcett,” ilnrton," Walshum," Hnntor," nnd Turner" have reporteil 
ono caso each of tho phrenic passing in front of tho subclavian voin. 
Of these fivo cases, threo wero on tho left sido and two on tho right. 
It is probably comparatively common. 

I found this anomaly present twice in 61 cases, or nearly 4 per cent. It 
seems worthy of note on account of its relation to tho clavicle. When 
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lying in this nnomnlous position it is immediately behind the posterior 
surfaco of tiio clavicle, and might bo lacerated or divided in frnctnro of 
(lio clavicle or included in the callus. 

Delation to the Internal Mammary Artery. At the origin of the artery: 
This relation was observed 22 times on tho loft sido and 20 times on 
the right, or 42 times in all. In 22 eases (9 right; 13 left) it was 
external to tho origin of tho artery. In 13 cases (0 right; 7 loft) it 
was internal. In 7 cases (6 right; 2 loft) the nerve passed directly 
over tho origin of tho artery. 

Ilelation of the nerve to the count of the artery. This relation was 
observed in 32 eases, of which 15 wero on tho right sido and 17 on tho 
left sido. On tho right sido thoro wero 14 cases in which tho nerve 
was internal to the artery and ono in which it was oxtornnl. In 17 
cases on tho left sido, tho norvo was internal to tho artery in 13 cases 
and external in 4 cases. In a total of 32 cases observed, then, tho 
nerve lay internal in 27 and oxternnl in 5 cases. 

Distribution. Tho main distribution of the nervo is to tho diaphragm. 
Small twigs, varying in numhor, aro sent to tho superior vena cava, tho 
pleura, and tho poricardium. Lusehka has described branches to tho 
right auricle. This observation I havo not been nblo to confirm. Tho 
branches in tho thorax aro small and easily destroyed, honco wore not 
demonstrable in many cases on account of tho parts having been dis¬ 
turbed before observations could ho niado. Tho branch to tho superior 
vena cava from tho right phrenic is very constant, and can, I think, bo 
demonstrated in nil cases where tho integrity of tho parts has been pre¬ 
served. Branches to tho pleura aud pericardium vary in number from 
1 to 4 to each structure. 

Tho course of tho main trunk of tho nervo is ns generally described, 
tho left phrenic being longer and having n courso far to tho left ovor tho 
pericardium. It breaks up into its terminal branches about 3 or 4 cm. 
above tho thoracic surfaco of tho diaphragm. It may remain intact 
until it pierces tho diaphragm aud divide in its substance or on its 
lower surfaco. In 29 cases in which tho point of division was noted, 
tho nervo divided abovo tho diaphragm in 18, and in tho substance of 
the muscle in 11 coses. 

Tho statement mndo In somo of our standard English works on 
anatomy, that tho right phrenic passes through tho opening for tho 
inferior vena cava, is not horno out by tho observations made. In tho 
great majority of cases tho norvo passed through a separato owning a 
few centimetres in front and to tho right of tho opening for tho vein. 

Tho dinphragmatio branches are from 2 to 0 in number, and aro dis¬ 
tributed to tho lateral and anterior portions of tho niusclo, dividing and 
subdividing into lino nervo filaments, nnd soon losing themselves in tho 
substnneo of tho niusclo. Tho oxact areas supplied are os yet undetor- 

VOU 123, so. 2 .—fibroary, 1902. IS 
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mined. Tho single cnso of a dog observed by Dr. Schrocdor, in whioli 
section was made of the upper roots of origin of tho phrenio, tho lower 
being unimpaired, is the only case of tho kind I know of. In this dog 
post-mortem showed degeneration of tho anterior and middlo portions of 
tho muscle, with tho Intend portion normal. I hope nt somo future 
time to make some further observations on the exact distribution of 
these tormina! branches. 

In 15 cases tho right phrenio perforated, in 12 cases branches were 
observed below tho diaphragm, and in 0 cases It was posaiblo to trace 
branches to tho solar plexus. Two very careful dissections on unusually 
fAVornhlo cases showed branches of distribution ns described, viz., to 
tho semilunar gnnglion, to tho suprarennl and hepatic plexuses. These 
branches of communication in every caso observed came from tho 
innermost terminal branch of tho right nerve, which pierced the 
diaphragm close to tho inferior vena cava ami ran downward and 
inward, rctropcritoncally, to tho semilunar gnnglion. Whether the 
branches of distribution in the abdominal cavity nrc mainly from tho 
phrenio or tho sympathetic, or whether tho branch connecting the right 
phrenio with the solar ploxus is an afferent or an efferent branch, is as 
yet undetermined. In no caso wero abdominal branches observed on 
tho left side. 

Tho question of dccussnlion of nerve fibres Is undetermined, nnd upon 
this wo have coll Hiding evidenco. Kohnstamin, u in his Slmlien ubtr 
ilen Phrenietukern, says: “ Innervation of iliaphragmntio halves is 
distinctly bilateral, inasmuch ns each phrenio supplies only tho same 
sido of tho diaphragm and comes only from nucleus of saino side, which 
ill the rabbit lies from G to 10.4 segments of cord. A crossing of periph¬ 
eral nerves in the anterior commissure docs not occur in the phrenic. 
Ventral part of diaphragm is supplied by a cranial trunk ami dorsal 
by a caudal trunk." 

On tho other hand, Ifonocquo nnd Eloy s say: 11 Tho peripheral 
brandies of the nervo (phrenic) form n ploxus which completes the 
anastomosis between tho two median halves of tho diaphragm.” 

Tlie question of norvo communication between tho two median halves 
of tho muscle is most im|iortnnt, hut as yet undetermined. 

Imermlion /ro;n the Inlercoitnl iVercw. I.usctika," in 1863, pub¬ 
lished a monograph on tho phrenic nervo, in which ho says: " The 
lleshy portion of tho diaphragm receives motor filaments from tho inter- 
costals from tho soventh to tho twelfth.” loiter on, in his Anntomie 
ile s ileiuehen," ho says, in describing tho last two intercostal nerves: 
" During their course along the last bIx ribs them nerves supply not 
only tho intercostal muscles, hut also, ns ! have previously described, 
tho costal portion of tho diaphragm, These pcnctrato into tho costal 
(limitations of the diaphragm in company with tho terminal branches of 



8CIIR0EDEB, OBEEN: PHRENIC NERVE INJURIES, 217 

the Arteries, And nro usually so fino ns to consist of primitive norvo- 
fihres.” 

Previous to huschka, however, Bnuer, 1 * Meckel," nnd Valentine lind 
described brunches to the dinphrAgm in mnn, coining from tho lower 
intercostal nerves. Thoiroxact origin and distribution lmd not, howover, 
been determined. Their work, however, seems to imvo been generally 
overlooked, or, At ioast, not emphasized. Cavnlid," writing in 1890, 
says: "They are not mentioned in any of our standard authors, 
except n foot-note in Benunor and Bouchnrd’s Anatomic." 

Among English authorities also theso brnnehes seem to imvo beon 
overlooked. Quoin," In Ids last edition, refers in a foot-noto to 
l.uschkn's work in a general way, McClellan" simply snys that such 
branches exist. Gerrish and Morris make no mention of them. Gray" 
does not refer to them previous to llio thirteenth edition, into which is 
interpolated tho statement tlint filaments from tho intcrcostals Imvo 
been traced to tho diaphragm. In most comparative anntondcs there 
is no reference to this norvo supply. Chauvoau," Mivart," Welder- 
slioim,” Wilder nnd Gage," nnd Huxley" mnko no mention of it. 

In 1888, Palish!,* 1 of Naples, described a subdlnpliragmntic plexus 
in rabbits formed by “ tho phrenio nnd also brandies from tho throo 
iutercostnls. 1 ’ This ploxus bo subdivides into threo: anterior, middle, 
and posterior plexuses. Ho also describes numerous gnnglin in thceo 
plexuses, especially in tho posterior ono. 

In 1898, Cavali6,“of Toulouso, published tho results of tho dissection 
of six adult human diaphragms, or 12 lateral halves. By dividing tho 
diaphragm in tho median lino nnd sawing through tho Bpinnl vertebra 
longitudinally ho removed cncli half of tho diaphragm intact, with its 
costal nnd vcrtobrnl attachments. After macerating tho pnrt in a wenk 
solution of nitric acid, ho demonstrated diaphragmatic branches from 
the intercostal norves, with tho following origins: 

I. There nre no diaphragmatic branches from tho sixth intercostal 
nerve. 

'2. Branches were observed coming from tho oloventh, eighth, nnd 
seventh most abuudnntly, then from tho tenth, twelfth, and ninth in 
tho order named, tho last being relatively poor in brnnehos. 

Onme. Dinphrngmalio branches nriso from tho intcrcostals just ns 
the latter pass over tho insertion (costal) of tho diaphragm. They 
either picrco tho aponeurosis (of tho internal intercostal musclo) or pass 
through its interstices, and nro directed toward tho muscular fibres of 
tlie diaphragm. Tlioy nro sometimes alone nnd sometimes accompanied 
by tho branches of tho intercostal vessels. Thoy number fi or 6 from 
each intercostal uervo. 

Dhlribution. Theso diaphragmatic brnnehos from tho intcrcostals 
supply n narrow margin along the costal border of tho diaphragm, 
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varying from 1 to 3 cm. in width. Cavalfo was not nblo to recognize 
any anastomosis of those fibres with tho terminal branches of the 
phrenic, nor did ho observe any of tho ganglia described by 1’ansini. 

In Inter papers, published in 1898, CavAlil and Hillard” report tho 

results of two series of experiments. By tho first” they demonstrated 
tho oxistenco of motor fibres In the diaphragmatic branches of the 
intcrcostnls. In tho second series* they proved, by physiological 
experimentation, that tho intercostal norves cannot ossiimo tho rAlo of 
tho phrenic nftor division of tho phrenic itself. 

Stimulation of tho |>criphcrnl ends of tho divided intercostal* in tho 
first series of experiments showed visible contractions of an area of 
about 3 cm. wido In dogs, and of n length about equal extending in 
tho direction of tho muscular fibres. Tracings of these contractions 
woro fcobto and of slight amplitude. In tho second series of oxperi- 
menu tho investigators endeavored to ascertain If the intercostal nerves 
could assume tho rAlo of the phrenic in innervating tho diaphragm after 
section of tho Iattor nervo. They decided that it could not, although 
diaphragmatic contractions on stimulating tho intcrcostnls woro greater 
in a dog whoso phrenic had been cut a month previous than in one 
where tho phrenic had licen divided just previous to tho experiment. 
Instead of indicating any vicarious action of tho intcrcostnls, however, 
I)r. Schrocdcr is of tho opinion, from his oxtended work on dogs, that 
this is duo to a simple hypertrophy of tho musclo fibres of tho costal 
margin of tbo diaphragm following paralysis of all tho rest of the 
muscle, and not in any way an assumption of tho function of ono nervo 
by another. This cortninly appears more reasonable. 

Cava til's conclusion from his physiological experimentation, then, is 
that tho diaphragmatic branches of tho intercostal nerves cannot, in 
mammals, assn mo tho rdlo of tho phrenic after division of tho latter. 

Later, in 1898, Cavalll* published the results of an extended aeries of 
observations on mammals nnd birds, with four additional human dis* 
sections, confirming his previous observations, and bringing his sorics of 
dissections up to twenty lateral halves. His observations on mammals 
were made on dogs, rabbits, guincA-plg*, and rats, on birds, on tho 
cock, pigeon, spnrrowhawk, and duck. Ilis observations on dogs are 
most interesting, nnd his description of tho various branches of innerva¬ 
tion of tho diaphragm very minuto and nccurato, but we can only give 
his final conclusions: 

1. Tho intercostal norves send branches to tho diaphragm In birds 
and mammals. 

2. In birds nnd mammals theso branches contain motor fibres. They 
probably do in man. 

3. Thoy play a certain rile in roopiration, secondary in importance 
after tho appcaranco of tho phrenic. 
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" 4. Birds have no phreniouorvc. The diaphragm laprincipally supplied 
by the thoracic nerves which correspond to the intorcostals in mammals 

o. As ono leaves birds and approaches mammals tho rAlo of tho 
phrenic becomes moro important, and tho area supplied by it becomes 
greater; wliilo tho rAlo of tho intorcostals becomes less important, and 
the area supplied by them becomes smaller. 

(i. In rabbits, guinea-pigs, and rats tho last five intercostals semi 
branches to tho diaphragm. In dogs tho Inst soven, especially tho 
eighth, ninth, tenth, and eleventh. 

7. In man tlio last si*, especially tho seventh, eighth, and elovonth. 

8. In dogs tho area supplied Is tho costal margin of tho diaphragm 
for a width of about 3 cm. In a man for a varying width of 1 to 2 cm. 

I havo roviowed Cavali6's work at length, as ho has dono tho largest 
amount of work along this lino and, so far ns I know, his investigations 
have never been roviowed in Kngiish. 

Sympathelie Nerve Sifitply. . Tho innermost branch from tho right 
phrenic communicates with tho semilunar ganglion of tho solar ploxus. 
I was ablo to demonstrate this communication but nine times, but found 
it iu all cnscs whoro careful dissections wore mndo on undisturbed 
structures. Whether these nerves are afferent or efforont is still 
undetermined. In no case did I observe any abdominal branches 
from the left phrenic. 

Summary. Our conclusions may bo summed up as follows : 

1. From tho clinical and experimental data it would seem that tho 
diaphragm is not an essential muscle of respiration. 

2. That as tho symptoms commonly described ns enused by nil irrita¬ 
tion on tho phrenic were uniformly absent not only in tho operation, 
Imt iu nil of tho experimental work as well, it is safo to infer that they may 
have been duo to something other than n simplo injury to tho phrenic. 

3. That while from an anatomical point of view tho diaphragm 
undoubtedly is enervated by branches from tho intercostal nerves, this 
nerve supply is secondary to tho phrenic und is insufficient to carry on 

(lie action of the diaphragm after a division of (ho phrenic. 

4. That a division of tho phrenic nerve, producing a partial collapao 
of tho lower lobo of tho lung on tho affected sido and an atrophy of 
oac-half of tho diaphragm, might predispose to infection of the lung or 
be followed by a diaphrogmatlo heroin. 

ft. That a division of ono phrenic nervo in man, resulting in paralysis 
of oac-half of tho diaphragm only, is not nccossarily fatal. 
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